The association between vitamin D status and susceptibility to acute lower respiratory tract infection (ALRI) was studied in young Canadian children. Serum 25-hydroxyvitamin D (25(OH)D) concentrations were measured in patients aged 1-25 months admitted to hospital with uncomplicated ALRI (primarily viral bronchiolitis) as well as in healthy, similarly aged patients without a history of hospitalization for ALRI (controls). Serum 25(OH)D concentrations were similar among cases and controls (77.0 versus 77.2 nmol l À1 ; P ¼ 0.960), and there was no case-control difference in the prevalence of vitamin D insufficiency using two thresholds (o40 nmol l À1 : 4.7 versus 1.5%, P ¼ 0.365; o80 nmol l À1 : 51.6 versus 56.9%, P ¼ 0.598). Vitamin D status was not associated with the risk of hospitalization for ALRI in this population.
Introduction
In addition to its role in bone metabolism, the active metabolite of vitamin D is a potent immunomodulator (Deluca and Cantorna, 2001) . Rickets is more common in children with pneumonia (Muhe et al., 1997) , but little is known about the association between vitamin D status and susceptibility to acute lower respiratory tract infection (ALRI). Recently, subclinical vitamin D insufficiency (VDI) was found to be a significant independent risk factor for severe ALRI in children under five years of age in India (Wayse et al., 2004) . We aimed to test the hypothesis that vitamin D status is associated with the risk of ALRI in Canadian children aged 1 month to 2 years.
Methods
Participants were recruited at the Stollery Children's Hospital in Edmonton, Alberta (latitude 531N) from 1 January to 31 March in 2005 and 2006 . Cases were patients aged 1-25 months admitted with an ALRI-either bronchiolitis or pneumonia. Bronchiolitis was defined as a constellation of acute-onset lower respiratory tract symptoms for o2 weeks, with: (a) evidence of a viral infection (rhinorrhea, coryza, cough or fever); (b) abnormal auscultatory findings (wheeze and/or crackles); and (c) increased respiratory effort (for example, tachypnea and intercostal retractions). Pneumonia was defined as fever and consolidation on chest radiograph. Cases were excluded if they had a complicated ALRI (for example, pulmonary aspiration). Controls were children aged 1-25 months undergoing elective surgery and who did not have any history of hospitalization for ALRI. The parent/caregiver of each participant provided a written informed consent and completed a questionnaire. ; VDI with an ideal threshold (VDI-I) was 25(OH)D o 80 nmol l À1 (Hollis, 2005) .
Differences of means were assessed by independent samples' t-tests. Differences in proportions were assessed by Fisher's exact test. Crude and adjusted odds ratios were calculated by logistic regression. All reported confidence intervals (CI) were at 95% and all reported P-values were twosided; Po 0.05 was considered to be statistically significant. Statistical analyses were conducted using Intercooled Stata version 9.2 for Windows (Stata Corp, TX,USA).
Results
There were 64 cases (60 bronchiolitis and 4 pneumonia) and 65 control participants (Table 1) . Fifty-two of the cases (81%) had infection with respiratory syncytial virus, 4 (6%) with other viruses and 8 (13%) had no virus detected. Three of the four patients diagnosed with pneumonia were infected with respiratory syncytial virus.
The mean 25(OH)D concentration and prevalence of vitamin D deficiency/VDI were similar in the case and control groups ( Table 2 ). The relative odds of ALRI was 1.00 (95% CI, 0.998-1.002) for a 10 nmol l À1 increase in 25(OH)D concentration. The result was unchanged after excluding the four pneumonia cases, among whom the mean 25(OH)D concentration was 79.4 nmol l À1 (95% CI, 57.1-101.7). There was no interaction between age and vitamin D status in the estimation of ALRI risk (odds ratio for interaction ¼ 1.00, 95% CI 0.999-1.005, P ¼ 0.293). Adjustment for multiple potential confounding variables did not alter the inferences (data not shown).
Discussion
Among the Canadian children aged 1 month to 2 years, vitamin D status was not associated with ALRI requiring hospitalization. The lack of difference in mean 25(OH)D concentration was unlikely to be due to a false-negative (type II) error because the study had 480% power to detect a small between-group difference of 10 nmol l
À1
. The only previously published study addressing a link between vitamin D status and ALRI found that Indian children with severe ALRI were at significantly higher risk of VDI (serum 25(OH)D o50 nmol l
) than healthy controls (Wayse et al., 2004) . Assuming both studies led to correct inferences, the divergent findings may be due to different ALRI epidemiology-bacterial pneumonia is common in developing countries, whereas viral ALRI (typically presenting ). Cutaneous vitamin D synthesis does not occur during the fall and winter at Canada's northern latitudes (Webb et al., 1988) and VDI was previously found to be common in Canadian children aged 2-16 years (Roth et al., 2005) , but virtually all of the infants in the present study consumed vitamin D (fortified infant formula or supplements).
Methodological limitations included the potential for unmeasured confounding, and the use of two different 25(OH)D assay methods. Although there was a consistent association between the RIA and LC/MS/MS, the in-house correction factor was derived from adult specimens and thus may not have a direct application to infant specimens. One lab recently reported that high concentrations of 25(OH)D C-3 epimers were measured in samples from about 20% of infants, but not in older patients; the epimers were detected by LC/MS/MS, but not by the Diasorin RIA (Singh et al., 2006) . However, it was unlikely that this affected the primary conclusion since the results were essentially unchanged after adjustment for 'study year' (as a surrogate for 25(OH)D assay).
Future studies related to the effects of vitamin D on immune response in ALRI should focus on communities that are burdened by a high incidence of childhood ALRI and a high risk of VDI due to latitude or lifestyle, including South Asia (Wayse et al., 2004) and northern Canadian Inuit communities (Banerji et al., 2001) . 
